The production of pectinases and the expression of genes encoding pectinases by conidia and germlings of Blumeria graminis f. sp. tritici were investigated. By pectate plate assay, the activity of polygalacturonase was detected in homogenates from ungerminated conidia and germlings grown on an artificial substratum. We could amplify the fragments of two endo-polygalacturonase genes, two pectin lyase genes and a pectate lyase gene from genomic DNA of the fungus by the polymerase chain reaction (PCR). The genes were designated as pg1 and pg2, pul1 and pnl2, and pel1, respectively. Their nucleotide sequences and the deduced amino acid sequences of their fragments showed high homology to those of the reported sequences of corresponding pectinases of other fungi. The RT-PCR indicated the expression of pg1, pg2 and pnl2 in ungerminated conidia and germlings. The expression of pnll and pell was detected only at the late stage of the infection in wheat leaves but not in ungerminated conidia and germlings on an artificial substratum and at an early stage of infection in wheat leaves. The present results suggested possible involvement of pg1, pg2, pal1, pnl2 and pel1 in morphogenesis and/or pathogenesis of this fungus.
INTRODUCTION
Homogenates from ungerminated conidia and germlings grown on a hydrophobic artificial substratum were applied to a PYAE plate. The size of each spots was almost equivalent to that of 0.25 unit/ml of the standard enzyme solution, but the turbidity of both spots was much less than that of the standard. [Aspergillus niger pelD (74%) and Aspergillus niger pelB (71%)], pnl2 [Colletotrichum gloeosporioides pnlA (69%) and Aspergillus niger pelB (68%)] and pel1 [Fusarium solani pelC (79%) and Fusarium solani f. sp. pisi pelD (75%)]. The sequences of these fragments had less homology to the corresponding pectinase genes of bacteria and plants. The pg1 nucleotide sequence showed high homology to that of pg2 (67%), while the pnl1 nucleotide sequence showed lower homology to that of pnl2 (49%). The deduced amino acid sequences of these fragments also showed high homology to those of the corresponding pectinases of other fungi (Fig. 3) .
Analysis of the gene expression in ungerminated conidia and germlings Northern blot analysis could not detect the expression of any isolated pectinase genes in ungerminated conidia and germlings, regardless of the exposure times for autoradiography (data not shown). Thus, we assumed that these genes might be expressed in a very small quantity or not in conidia and germlings.
A further test using the RT-PCR method combined with EtBr staining confirmed the expression of pg1 and/ or pg2 in both ungerminated conidia and germlings as illustrated in Fig. 4-A. The subsequent sequence analysis of these RT-PCR products confirmed the nucleotide sequence of pg1 and pg2, suggesting that both genes were expressed in ungerminated conidia and germlings.
Although the expression of pal1, pnl2 and pel1 was not confirmed by EtBr staining, Southern blot analysis with radiolabeled probes detected the expression of pnl2 in ungerminated conidia and germlings (Fig. 4-B) . However, the expression of pnl1 and pel1 was never detected in these fungal structures, regardless of various RT-PCR conditions and exposure times for autoradiography (Fig.  4-C, D) .
Genomic Southern blot analysis of pnl1 and pel1 To confirm whether pnl1 and pel1 originated from the genome of B. graminis and whether these radiolabeled probes could detect the expression of these genes, genomic Southern blot analysis was performed (Fig. 5) . The autoradiograph using a pel1 probe showed multiple bands (one major and a few minor bands). Genomic Southern blot analysis using a pnl1 probe showed multiple bands (data not shown). These results indicated that these radiolabeled probes were usable in Southern blot analysis and that the genes for other isozymes may exist. Analysis of pnl1 and pel1 expression in wheat leaves on the surface of inoculated leaves, the rate of formation of appressorial germ tubes, mature appressoria and secondary hyphae 6, 12 and 36hr after inoculation reached 75.8%, 72.9% and 11.1%, respectively. Total RNA of host tissues including that of the fungus was extracted at these times. Moreover, to examine whether these genes are expressed at a later stage of infection, total RNA was extracted from heavily infected leaves with abundant young colonies 7 days after inoculation. Southern blot analysis for the RT-PCR products using radiolabeled probes indicated that the expression of pnl1 and pel1 was detected only in the heavily infected leaves (Fig. 6) .
Signals of the expected size of the PCR products were not visualized in inoculated leaves 0, 6,12 and 36hr after inoculation, nor in uninoculated healthy leaves (Fig. 6) . These results suggest that the expression of pnl1 and pel1 was induced in planta by the time of colony formation.
DISCUSSION
The plant cell wall is a major structure as a barrier to infection of pathogens and an important source of nutrients for some pathogens. Successful infection by pathogens into a host cell and their subsequent growth in host tissues may require degradation products of host cell walls11). Although most powdery mildew fungi breach outer cell walls of host plants using cell walldegrading enzymes, little direct evidence on the production of such enzymes by these fungi has been reported6, 28, 34) . Several histochemical investigations demonstrated indirectly that B. graminis might produce and secrete these enzymes on surfaces of host plants1,7,14,33). Suzuki et al.34) showed that B. graminis produced cellulases and pectinases and that its germlings released the former enzymes on hydrophobic artificial substrata. Interestingly, although the activity of pectinases was detected in ungerminated conidia and germlings, their release from these fungal structures was not proven on the substrata in the previous study34).
As indicated in Fig. 1-B , the PYAE plate assay showed an almost equal polygalacturonase activity in the homogenates of conidia and germlings. Similarly, the expression of two endo-polygalacturonase, pg1 and pg2, was detected in ungerminated conidia and germlings (Fig.  4-A) . These results show that B. graminis may produce polygalacturonase constitutively. Scott-Craig et al.30) demonstrated the presence of endopolygalacturonase PGN1 in Cochliobolus carbonum (the foliar maize pathogen) and determined the nucleotide sequence of its gene (designated as PGN1). They proved by gene disruption that a mutant deficient in PGN1 also expressed its pathogenicity by successful penetration into maize tissues and concluded that the production of this enzyme was not related to pathogenesis of this fungus. Although the nucleotide sequence of pg1 and pg2 showed high homology to that of PGN1, we cannot discuss how the expression of pg1 and pg2 is related to pathogenesis of B. graminis without doing gene disruption experiments. Pascholati et al.28) proved that cutinase was present in exudates from ungerminated conidia of B. graminis and suggested that this enzyme might be involved in the erosion of the leaf cuticle which begins prior to development of appressoria. They assumed that such an erosion may be necessary either for recognition of the host surface by appressoria or for adhesion and more efficient penetration of the leaf. At present, we cannot rule out similar roles for the polygalacturonases in ungerminated conidia of the present fungus to those suggested by Pascholati et al.28 ) and Nicholson and Epstein23) .
The expression of pnl1 and pel1 was never detected in ungerminated conidia and germlings (Fig. 4) . This result led us to hypothesize that both genes might be expressed only on the plant surface and/or in planta. As illustrated in Fig. 6 , they were only expressed in leaves of wheat with young colonies. Although the expression of pnl1 and pel1 was not confirmed in inoculated leaves 0-36hr after inoculation even if more total RNA than that of Fig. 6 was applied (data not shown), we have to consider that this result might be caused by an unavoidable difference of inoculum population in each sample. A further investigation by the RT-PCR using the internal standard RNAs of this fungus will help to clarify this possibility.
The expression of these genes was probably triggered by host metabolism and/or host components after this fungus establishes complete nutritional interactions with the host cells. Although the roles of the expression of these genes at the later stage of infection is unknown, one possibility is that this expression may be somehow related to formation of secondary haustoria, growth of secondary hyphae and sporulation.
Since the present results showed that each of the pectinase genes isolated in this work was expressed at different infection stages of B. graminis, the roles of pg1, pg2 and pnl2, which were expressed in ungerminated conidia, in morphogenesis and/or pathogenesis might be different from those of pnl1 and pel1, which were expressed only in planta. Thus, these genes may be expressed in the individual fungal structures when their products are necessary for development of the fungus. 
